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The title compound (AHTN-OH), C 17 H 26 0, was prepared in 
order to provide standard materials for the qualitative and 
quantitative analysis of environmental pollutants. The mol- 
ecule possesses a chiral C atom, although the structure 
determination was performed on racemic material, expressed 
in the structure as disordered chiral sites. The asymmetric unit 
consists of four AHTN-OH molecules containing an hydroxy 
group and forming a tetrameric cyclic motif built up by four 
strong hydrogen bonds between these hydroxy groups and 
additionally by two weak C— H- ■ -it interactions. Further- 
more, these tetramers are linked via very weak C— H- ■ -it 
interactions, forming chains along the c axis. 

Related literature 

For the solid state structure of AHTN, see De Ridder et al. 
(1990); for the partially oxidized derivatives AHTN-COOH, 
see: Kuhlich et al. (2010) and AHTN-CHO, see: De Ridder et 
al. (1994). The accumulation potential of AHTN in humans, 
wildlife and the environment is of concern (Luckenbach & 
Epel, 2005; Martin et al, 2007), especially as it has been shown 
to act as an endocrine disruptor (Luckenbach & Epel, 2005). 
For our efforts to provide standard materials for the qualita- 
tive and quantitative analysis of food contaminants, see: Siegel 
et al. (2009). For structure-fragrance relationships, see: 
Amoore (1970). Relationships of this kind increasingly take 
into account structural design elements such as molecular sites 
of hydrophilicity or intermolecular interactions such as 
hydrogen bonds, see: Beets (1957, 1978); Dravnieks & Laffort 
(1972). The title compound was obtained by the oxidation of 
the AHTNs acyl side chain to a carboxylic acid, followed by 



carboxyl reduction to the primary alcohol, see: Valdersnes et 
al. (2006). 




Experimental 

Crystal data 

C17H26O 
M, = 246.38 
Orthorhombic, Pn2,a 
a = 17.6364 (7) A 
b = 29.0183 (15) A 
c = 11.6701 (5) A 

Data collection 

Stoe IPDS 2 diffractometer 
Absorption correction: integration 
(X-RED32; Stoe & Cie, 2005) 
T mi „ = 0.955, r mM = 0.994 

Refinement 

R[F 2 > 2a(F 2 )] = 0.061 

wR(F 2 ) = 0.173 

S = 1.07 

5436 reflections 

708 parameters 



V = 5972.5 (5) A 3 
Z= 16 

Mo Ka radiation 
/x = 0.07 mm -1 
T = 120 K 

0.60 x 0.60 x 0.07 mm 



23401 measured reflections 
5436 independent reflections 
4395 reflections with / > 2a(I) 
Ri„, = 0.082 



25 restraints 

H-atom parameters constrained 
Ap max = 0.54 e A~ 3 
Ap mi „ = -0.41 e A~ 3 



Table 1 

Hydrogen-bond geometry (A, °). 

Cg4, CgW, CgU and Cgl7 are the centroids of the C19-C22/C27/C28, C36- 
C39/C44/C45, C53-C56/C61/C62 and C2-C5/C10/C11 rings, respectively. 



D-H-A 


D-H 


H-.-A 


D-A 


D-H-A 


01-H1-04 


0.84 


1.93 


2.753 (5) 


168 


02-H2-01 


0.84 


1.98 


2.794 (4) 


162 


03-H3-02 


0.84 


1.92 


2.7545) 


174 


04-H4- ■ 03 


0.S4 


1.95 


2.790 (4) 


173 


C29-H29A---CgU i 


0.98 


2.83 


3.632 (4) 


140 


C29-H29B- ■ -CgV 


0.98 


2.58 


3.466 (5) 


151 


C63-H63.4- ■ CgW 


0.98 


2.69 


3.471 (5) 


137 


C63-H63B- ■ C^4 U 


0.98 


2.72 


3.641 (5) 


157 


Symmetry codes: fi) x.y.z- 


V 1; (ii) x, y, z 


- 1. 







Data collection: X-AREA (Stoe & Cie, 2005); cell refinement: X- 
AREA- data reduction: X-RED32 (Stoe & Cie, 2005); program(s) 
used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) 
used to refine structure: SHELXL97 (Sheldrick, 2008); molecular 
graphics: ORTEP-3 (Farrugia, 1997); software used to prepare 
material for publication: SHELXL97. 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: BG2389). 
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(3,5,5,6,8,8-Hexamethyl-5,6,7,8-tetrahydronaphthalen-2-yl)methanol: a possible metabolite of the 
synthetic musk fragrance AHTN 

R. Faust, D. Nauroozi, C. Bruhn, B. Koch, P. Kuhlich, C. Piechotta and I. Nehls 
Comment 

6-Acetyl- 1,1, 2,4,4, 7-hexamethyltetraline (AHTN, Tonalide is a member of a group of synthetic fragrances designed to 
emulate the scent of natural musk. It is widely used in perfumes, cosmetics, detergents and air fresheners and hence is 
produced in several thousand tons per year worldwide. However, its accumulation potential in humans, wildlife and in 
the environment currently gives rise to concern, (Luckenbach & Epel, 2005; Martin et ah, 2007) in particular in view of 
the fact that AHTN has been shown to act as an endocrine disruptor by inhibiting the cellular xenobiotic defense system 
(Luckenbach & Epel, 2005). A possible metabolite of the lipophilic AHTN is the title compound (3,5,5,6,8,8-hexamethyl- 
5,6,7,8-tetrahydronaphthalene-2-yl)methanol 1 (AHTN-OH), formally obtained by the oxidation of the AHTNs acyl side 
chain to a carboxylic acid followed by carboxyl reduction to the primary alcohol (Valdersnes et ah, 2006). In our continuing 
effort to provide standard materials for the qualitative and quantitative analysis of food contaminants (Siegel et al, 2009) 
and environmental pollutants, we have elucidated the crystal structure of 1 . These data will assist, for example, fragrance 
designers in establishing structure-fragrance relationships (Amoore, 1970; Beets, 1978). Relationships of this kind increas- 
ingly take into account structural design elements such as molecular sites of hydrophilicity or intermolecular interactions 
such as hydrogen bonds (Beets, 1957; Dravnieks & Laffort, 1972). The solid state structures of AHTN, (De Ridder et ah, 
1990) and of the partially oxidized derivatives AHTN-COOH (Kuhlich et ah, 2010) and AHTN-CHO (De Ridder et ah, 
1994) have been reported. 

AHTN-OH 1 crystallizes in an orthorhombic unit cell of the non-centrosymmetric space group P n 2\ a. The asymmetric 
unit contains 4 formular units that are bonded via four strong hydrogen bonds, forming a four-membered cyclic arrangement 
(Table 1). No further intermolecular bonds, hydrogen bonds or other strong interactions between these tetrameric units can 
be observed. Since the starting material AHTN was used as a racemic mixture in the synthesis of 1, 1 is found to occur as a 
racemic mixture in the crystal. In the present case both enantiomers are represented by the split positions of the methylene 
groups at C8, C25, C42 and C59 (only one split position is shown in Fig. 1). Each split position determines the R or S 
configuration of the adjacent atoms C7, C24, C41 and C58, respectively. The present study does therefore not allow a 
correlation between the olfactoric qualities and the absolute configuration of the two enantiomers of 1 . It is evident, however, 
that the vapor pressure (cf. the relatively high mp. of 1) and hence the fragrance intensity of 1 is significantly reduced 
compared to related compounds such as the parent AHTN, AHTN-CHO and AHTN-COOH, which are less engaged in 
hydrogen bonded networks in the solid state. 

Experimental 

A solution of 3,5,5,6,8,8-hexamethyl-5,6,7,8-tetrahydronaphthalene-2- carboxylic acid (AHTN-COOH, 913 mg, 3.5 mmol) 
(Kuhlich et ah, 2010) in dry diethylether (100 ml) was added (1 h) at 50 °C to a stirred suspension of LiAU-Lj (540 mg, 
14.2 mmol) in diethylether (40 ml). After 0.5 h the cooled (0 °C) reaction mixture was carefully hydro lyzed with H2O (120 
ml) and acidified with 6 MHC1 solution (90 ml). The mixture was extracted with CH2CI2 (90 ml), the organic phase dried 
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over MgS04, filtered and the solvent was evaporated under reduced pressure. Crystallization from ethyl acetate followed 
by column chromatography (Si02, CHCh/MeOH 3:1) gave the product as colorless solid [m.p. Ill °C]. Single crystals of 
(3,5,5,6,8,8-hexamethyl-5,6,7,8-tetrahydronaphthalen-2-yl)methanol suitable for X-ray diffraction were obtained by slow 
evaporation of an ethyl acetate solution (Valdersnes et al, 2006). 



The structure shows disorder, which could be resolved at positions C8/C8a, C25/C25a, C42/C42a and C59/C59a. The split 
positions were included to the model with fixed occupancy parameters of 0.5. Hydrogen atoms at the positions depicted 
with "a" were not included to the model. The expectable split positions of the adjacent atoms could not be refined. 

The carbon bonded H atoms were placed in calculated positions (C-H:0.95-0.99A) and refined according to the riding 
model with the 1.2 fold isotropic displacement parameter of their bonding partner. The H atoms of the OH groups were 
refined according to the rotating group routine (O-H: 0.85A) and ended up in the expected positions for the O — H-0 
hydrogen bonds. 



Refinement 



Figures 




Fig. 1 . Tetrameric motif of four hydrogen bonded molecules of 1 in the crystal. The ellipsoids 
represent the 30% probability level. The H atoms are drawn as circles of arbitrary radius, only 
one split position of the atoms C8, C25, C42 and C59 is displayed. 



(3,5,5,6,8,8-Hexamethyl-5,6,7,8-tetrahydronaphthalen-2-yl)methanol 



Crystal data 



Ci 7 H 26 0 



J F(000) = 2176 

D x = 1.096 MgnT 3 

Mo Ka radiation, X = 0.71073 A 

Cell parameters from 20214 reflections 

9= 1.4-25.6° 



M,. = 246.38 



Orthorhombic, Pn2\a 
Hall symbol: P -2ac -2n 



a = 17.6364 (7) A 
6 = 29.0183 (15) A 
c= 11.6701 (5) A 

V= 5972.5 (5) A 3 
Z= 16 



0.60 x 0.60 x 0.07 mm 



Plate, colourless 



|i = 0.07 mm 
T= 120K 



Data collection 



Stoe IPDS 2 
diffractometer 

Radiation source: sealed X-ray tube, 12 x 0.4 mm 
long-fine focus 



4395 reflections with / > 2a(I) 



5436 independent reflections 
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plane graphite 

Detector resolution: 6.67 pixels mm" 
rotation method scans 
Absorption correction: integration 
(X-RED; Stoe & Cie, 2005) 
r min = 0.955, r max = 0.994 
23401 measured reflections 



R int = 0.082 

Qmax = 25.2°, 6 m j n — 1.9° 

h = -20^21 
£ = -30^34 
/ = -13->12 



Refinement 

Refinement on F 2 
Least-squares matrix: full 
R[F 2 >2o(F 2 )] = 0.061 
wR(F 2 ) = 0.173 

S= 1.07 

5436 reflections 
708 parameters 
25 restraints 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 

w = l/[a 2 CFo 2 ) + (0.109P) 2 + 1.1745.P] 

where P = (F 0 2 + 2F 2 )/3 

(A/o) max = 0.001 

Apmax = 0.54 e A~ 3 
Ap m in = -0.41 eA~ 3 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two Is. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


TI- *ITJ 


Occ. 


CI 


1.0423 (2) 


0.11509 (17) 


0.0704 (4) 


0.0325 (10) 




H1B 


1.0832 


0.1050 


0.0178 


0.039* 




H1A 


1.0251 


0.0878 


0.1141 


0.039* 




C2 


1.0733 (2) 


0.15044 (16) 


0.1521 (4) 


0.0279 (9) 




C3 


1.1318(2) 


0.13801 (17) 


0.2277 (4) 


0.0289 (9) 




C4 


1.1599 (2) 


0.17084 (17) 


0.3015 (4) 


0.0300 (9) 




H4A 


1.2006 


0.1624 


0.3506 


0.036* 




C5 


1.1318(2) 


0.21608 (17) 


0.3082 (4) 


0.0314(10) 




C6 


1.1672 (2) 


0.24844 (17) 


0.3991 (4) 


0.0359 (10) 




C7 


1.1305 (4) 


0.2969 (2) 


0.3948 (7) 


0.087 (3) 




H7 


1.1591 


0.3118 


0.3307 


0.105* 




C8 


1.0509 (3) 


0.2989 (2) 


0.3519(5) 


0.0421 (17) 


0.70 


H8A 


1.0360 


0.3317 


0.3461 


0.051* 


0.50 


H8B 


1.0177 


0.2844 


0.4099 


0.051* 


0.50 


C8A 


1.0866(10) 


0.3115 (4) 


0.2919(12) 


0.060 (5)* 


0.30 


C9 


1.0355 (2) 


0.27644 (16) 


0.2392 (4) 


0.0363 (10) 
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0.9900 
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pio pin 

Clo — ClV 


1.3Z3 (o) 


no 1 1 1 qi~> 
Clo — HloB 


a nnnn 

u.yyuu 


no TT 1 O A 

C 1 o — hi 1 0 A 


a nnnn 
U.VVUU 


Pin pto 

ciy — czo 


l.iVS (0) 


p i pi p^n 

ciy — czu 


1.41Z (o) 


nn p^"> i 
czu CZ 1 


1 IOC ( &\ 

1.3o3 {o) 


Pin Pin 

CZU — CZy 


1.313 (0) 


pi i pn 
CZl — czz 


1.413 (0) 


pi i in i a 
CZl — HZ1A 


a ncnn 


P1 1 PT7 

czz — cz / 


1 Ann 
1.4U/ (0) 


P11 P")1 
CZZ — CZ3 


1 cca 
1.33U (0 ) 


PT1 PI/1 

CZ3 — CZ4 


1 cm /o\ 
1.3 1U (o) 


pi i pm 
CZ3 — C3U 


1.3Zo (o) 


PT] pi i 

CZ3 — Co 1 


1.3Z/ (o) 


P1 /( PIC 

CZ4 — CZ3 


1 A *7A (C\ 

1.4 /U (3) 


pi /i pn 
CZ4 — C3Z 


1 cn /o\ 
1.31/ \6) 


PI /l in 1 

CZ4 — HZ4 


l.UUUU 


PTC pi/f 

CZ3 — CZo 


1 AH\ (Z\ 

1.4/1 (3) 


PTC I 1 1 C a 

CZ3 — HZ3A 


a nnnn 

u.yyuu 


ptc i ncn 
CZ3 — HZ3B 


u.yyuu 


P1 C A p')/- 

CZ3A — CZo 


1 AH\ ( Z\ 

1.4/1 (3) 


p i / pi/I 

CZo — C34 


1 cm /o\ 
1.3U3 (o) 


PI/ pTI 

CZo — C33 


1 cn /o\ 
1.33Z (o) 


P1i£ pi -7 

CZo — CZ / 


1.343 ( /) 


PT7 pi Q 

CZ / — CZo 


1.3V3 ( /) 


pi Q U1Q A 

CZo — HZoA 


n ncAA 
U.y3UU 


pin mn a 
CZy — HZyA 


U.yoUU 


P1 n i nun 
CZV — HZyt> 


A AOAA 

u.youu 


Pin i niu' 
CZV — HZvC 


U.VoUU 


pi pi Tim a 

C3U — H3UA 


a aoaa 

u.youu 


pin i \ ~i tw~) 
C3U — H3UB 


U.yoUU 


plA TTinP 

C3U — H3UC 


A nOAA 

u.youu 


PI 1 TJ1 1 A 

C3 1 — H31A 


a aoaa 


pi i TJ1 1 ID 

C3 1 — H31B 


a noAA 

u.youu 


pi i hi i p 
C3 1 — H31C 


A AOAA 


PI 1 I 111 A 

C3Z — H3ZA 


A nOAA 

u.youu 


pi 1 unr> 
C3Z — H3ZB 


a noAA 


pi 1 UUP 

C3Z — H3ZC 


n noAA 

u.youu 


PI 1 HQ 1 A 

C33 — H33A 


A nOAA 

U.yoUU 


pi i 1 1 1 1 1) 
C33 — H33B 


A nOAA 

u.youu 


wj njjt 


n qroo 

U.70UU 


C34 — H34A 


0.9800 


C34 — H34B 


0.9800 


pi /| TTI/IP 1 

C34 — H34C 


a QOAA 

u.youu 


C35— 03 


1.442 (5) 


C35— C36 


1.511 (6) 


Ol— CI— C2 


111.8 (4) 


Ol— CI— HIB 


109.3 


C2— CI— HIB 


109.3 



p z i nciD 

C3Z — H3ZB 


A AAAA 

U.yyUU 


pel p c /I 

C33 — C34 


1 /I A A 

1.4UU (o) 


pci P/Ci 

C33 — CoZ 


1.4U1 (o) 


p C /I PCC 

C34 — C33 


1.3V4 (/) 


PC/1 P-/.1 

C34 — Co3 


1.3Zo (o) 


p C C pr/r 
C33 — C30 


1 A ~\ A (H\ 

1 .414 { 1 ) 


PC f 1 ICC A 

C33 — H33A 


A GCAA 

u.y3UU 


pc/, PiC i 

C30 — Col 


1.4UO (0J 


pc/: pc*7 

C3o — C3 / 


1.343 (0) 


PCI PCO 

C3 / — C3o 


1.3Z1 (o) 


P C-7 P/ C 

C3 / — Co3 


1 OC /''7\ 

1 .3Z3 {/) 


P C "7 p /T /I 

C3 / — Co4 


1.34Z (/) 


pro pen 

C3o — C3V 


1.4 /U (3) 


pro P/C/C 

C3o — Coo 


1 CAC 

1.3U3 (o) 


PCO uco 

C3o — H3o 


1 AAAA 
l.UUUU 


PCA p /;n 

C3V — CoU 


1 /1*71 /C\ 

1.4/1 (3) 


PCA ucn A 

C3V — ht3vA 


A AAAA 

u.yyuu 


PCA TJCflD 

C3V — hl3yi3 


A AAAA 

u.yyuu 


pen a p /;n 
C3VA — CoU 


1 AT\ /C\ 

1.4/1 (3) 


CoU — Coo 


1 C 1 A ZO\ 

1.3 1U (o) 


CoU — Co / 


1.3Z4 (o) 


CoU — Col 


1 C /I 1 

1.341 (o) 


P / 1 P/T1 

Col — CoZ 


1.4U3 (o) 


p / 1 [ [ / 1 a 

CoZ — hloZA 


A ACAA 

u.y3uu 


Co3 — hlo3A 


A AOAA 

u.youu 


Co3 — hto313 


A AOAA 

u.youu 


Co3 — hlo3C 


A AOAA 

u.youu 


Co4 — hlo4A 


A AOAA 

u.youu 


Co4 — hlo4r> 


A AOAA 

u.youu 


Co4 — hlo4C 


A AOAA 

u.youu 


p z c ii/; c A 

Co3 — hlo3A 


A AOAA 

u.youu 


/ • /: C i i /- c D 

Co3 — hlo3l3 


A AOAA 

u.youu 


p /; C I i/rp 

Co3 — hlo3C 


A AOAA 

u.youu 


p / /; [[// a 

Coo — hlooA 


A AOAA 

u.youu 


Coo — hlooB 


A AOAA 

u.youu 


Coo — hlooC 


A AOAA 

u.youu 


p / -7 1 l/l A 

Co / — Ho /A 


A AOAA 

u.youu 


p /ri i r / in 

Co / — hlo /B 


A AOAA 

u.youu 


Co/ — rlo /C 


A AOAA 

u.youu 


Coo — hlooC 


A AOAA 

u.youu 


v uo — nuoD 


U.70UU 


C68 — H68A 


0.9800 


Ol — HI 


0.8400 


p,i ill 

L/Z 1 1_ 


A O/IAH 

U.o4UU 


03— H3 


0.8400 


04— H4 


0.8400 


C36— C35— H35B 


109.5 


03— C35— H35A 


109.5 


C36— C35— H35A 


109.5 
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P. 1 P 1 U1 A 

Ol — CI — H1A 


1 nn i 

ioy.3 


pi p 1 m a 
C2 — C 1 — H 1 A 


1 nn i 

ioy.3 


HID P 1 TT 1 A 

Hlis — CI — H1A 


1 n-7 n 

io /.y 


CI 1 — C2 — C3 


110 C i A\ 

llo.D (4) 


pi 1 pi p 1 

CI 1 — Cz — CI 


111 1 t A \ 

122. 1 (4) 


pi pi n 
C3 — Cz — C 1 


i i n a {a \ 
liy.4 (4) 


p/i pi pi 
C4 — C3 — Cz 


1 1 o n l A\ 
llo. / (4) 


C4 — C3 — C 1 2 


1 TA H i A\ 

120. / (4) 


pi /""i pit 
Cz — C 3 — C 1 2 


i ->n /; l a \ 
120.6 (4) 


PI P/1 PC 

C3 — C4 CD 


111 "7 {A \ 

123./ (4) 


PI P/1 TJ A A 

C3 — C4 H4A 


1 1 o -> 

110.2 


PC P/1 \J A A 

CD — C4 H4A 


1 1 o -> 

llo.z 


P/1 PC pin 

C4 — CD — C 1 0 


1 1 o n sa\ 
11 0.0 (4) 


p/i pc p/: 
C4 — CD — Co 


I 1 H <C //l\ 

II 1.0 (4) 


pin pc p/: 
C 1 0 — CD — Co 


1->/1 A {A \ 

124.4 (4) 


pi 1 p/r p 1 A 

CI 3 — Co — C14 


1 nn n {A \ 
lOy.y (4) 


p 1 1 p/; pc 
CI 3 — Co — CD 


1 no c { a\ 
lOo.D (4) 


p 1 a p/; pc 
C14 — Co — CD 


1 nn 1 i a\ 
lOy.l (4) 


pi -J p/r p-7 

CI 3 — Co — C / 


1110 rc\ 
1 1 1 .0 (J) 


pi i p/r p-7 

C 1 4 — Co — C / 


1 r\£. A /c\ 
100.4 (D) 


pc p/; p-7 
CD — Co — C / 


111 1 1 A \ 

111.1 (4) 


PO P"7 PIC 

Co — C / — C 1 D 


1 1 £. n i c\ 
116.0 (D) 


po p-7 p/r 

Co — C / — Co 


1 1 /; 1 /c\ 
1 10. 1 (J) 


p 1 c p-7 p/; 
C1D — C/ — Co 


1 1 c c /c\ 

11D.D (D) 


PO P"7 TU-7 

Co — C / — H 1 


1 n 1 n 

loi.y 


PIC pn tt-7 

C1D — C/ — HI 


1 n 1 n 

loi.y 


p/; P"7 TU-7 

Co — C / — H I 


1 n 1 n 
101. y 


P-7 PO PPi 

c / — Co — cy 


1 1 £. O /C\ 

llo.o (D) 


P"7 PO TUO A 

C / — Co — HoA 


1 no 1 
lOo.l 


Pfl PO TUO A 

Cy — Co — HoA 


1 no 1 
100.1 


P"7 PO LJOT3 

C/ — Co — HoB 


1 no 1 
lOo.l 


Pll PO TUOT5 

cy — Co — HoB 


1 no 1 
100.1 


TUO A PO r r [> O 

HoA — Co — Hois 


1 n-7 i 
10 /.3 


PQ A PQ PI H 

Co a — cy — ci / 


no q i 1 n\ 

izy.o (ioj 


po pn p 1 n 

Co — cy — CI / 


1 n 1 n fc\ 
101 .0 (D) 


P"iQ A P^O PK 

Co A — cy — C 1 o 


01 1 i c\ 

ol . 3 (0) 


po pn p i /; 

Co — cy — c i o 


ini /c\ 
1 1 1 .2 (D j 


pi -7 po p 1 /r 

ci / — cy — cio 


1 C\C A ( c\. 
100.4 (D ) 


PO A PPl P 1 A 

Co a — cy — c i o 


inn /-7\ 
112.2 (/) 


po pn p 1 a 

Co — cy — c i o 


1 1 n a / a\ 
1 10.4 (4) 


p 1 -7 pn pin 

ci / — cy — cio 


i i n o i a \ 
110.0 (4) 


pi / pn pin 

c i o — cy — c i o 


i i n a / a\ 
110.4 (4) 


pc pin P11 
CD — CIO — Cll 


118.3 (4) 


C5— CIO— C9 


121.8 (4) 


Cll— CIO— C9 


119.9(4) 


C2— Cll— CIO 


122.8 (4) 


C2— Cll— H11A 


118.6 


CIO— Cll— HI 1A 


118.6 


C3— C12— H12A 


109.5 



TUI CTZ> PIC TUI C A 

H3DB — C3D — H3DA 


1 no 1 
lOo.l 


P/1C pi/: pn 

C4D — C36 — C3 / 


1 1 n / //1\ 

11 0.6 (4) 


P/1C pi/: pic 

C4D — C36 — C3D 


111 A f A \ 

1 22 A (4) 


pn pi/ pic 
C3 / — C36 — C3D 


1 1 o n l a\ 
llO.y (4) 


pin P1"7 P1/T. 

C3o — C3 / — C36 


1 1 O 1 / A\ 

llo.z (4) 


pi Q pn C*A6. 

C3o — C3 / — C4o 


1-11 n / a \ 
lzl.0 (4) 


pi/ pn r^A£. 
C36 — C3 / — C46 


1 in o i a \ 
120.0 (4) 


P17 P10 (^IQ 

C3 / — C3o — C3y 


1 25.1 [A) 


pn pin iji o A 

C3 / — C3o — H3oA 


1 1 O 1 

llo. 2 


pm pio TUI O A 

C3y — C3o — H3oA 


1 1 O 1 

llo. 2 


p/i/i pm pio 
C44 — C3y — C3o 


1 1 O 1 i A\ 

11 0.1 (4) 


p/i/i pm P/in 
C44 — C3y — C40 


111 O { A\ 

123.0 (4) 


poo pin P/in 
C3o — C3y — C40 


lion ( a\ 
llo.O (4) 


p/i 1 p/in P/l-7 
C4 1 — C40 — C4 / 


i n-7 i //;\ 
10 /.I (6) 


p/11 p/in p/io 
C4 1 — C40 — C4o 


i i n n t £.\ 
110./ (6) 


p/i-7 p/in p/io 
C4 / — C40 — C4o 


1 no /; {a \ 
100.6 (4) 


p/i 1 p/in pin 
C4 1 — C40 — C3y 


111 n (A \ 
1 1 l.y (4) 


p/i-7 p/in pin 
C4 / — C40 — C3y 


1 nn i {a \ 
10y.2 (4) 


p/io p/in pin 
C4o — C40 — C3y 


1 nn i i a \ 
10y.3 (4) 


p/i-> p/11 p/in 
C4z — C4 1 — C4y 


1 1 n o { £\ 
1 iy.0 (6) 


r^/n r^A 1 r^/in 
C4z — C4 1 — C40 


110.3 (0) 


p/in p/11 P/in 
C4y — C4 1 — C40 


1 1 o n i A\ 
llo.y (4) 


P/1-) P/11 U/11 

C4z — C4 1 — H4 1 


n-7 a 

y I A 


P/in P/i i \j a 1 
C4y — C4 1 — H4 1 


n-7 a 

y 1 A 


P/in P/ii TT/ii 
C40 — C4 1 — H4 1 


97 'A 


p/11 p/i-> p/ii 
C41 — C4z — C43 


1 11 1 tz\ 

122.2 (D) 


P/11 P/1-1 T1J/1-1A 

C4 1 — C4z — H4z A 


1 r\£. o 
106.0 


P/11 P/1-1 TU/1-1 A 

C43 — C4z — H42A 


1 n/; o 
106.0 


p/11 p/i-> nj/i->r> 
C4 1 — C4z — H4zh5 


1 r\£. o 
106.0 


P/11 P/1-1 TU/1-1T3 

C43 — C4z — H4zt5 


1 n/; o 
106.0 


T1J/1-1A P/1-1 T1J/1-1T3 

H42A — C4z — H4zh5 


106.6 


p/i-> a p/ii pen 
C42A — C43 — CD0 


1 11 C f-7\ 

122. D (7) 


p/i-i p/ii pen 
C42 — C43 — CD0 


n-7 n l£\ 
y /.0 (6) 


P/1-1A P/11 PC1 

C4zA — C43 — CD 1 


(\A -7 l£\ 

y4. / (6) 


P/1-1 P/11 PC1 

C42 — C43 — CD 1 


1 11 1 i£\ 

122. 3 (6) 


pr/i P/11 PCI 

CD0 — C43 — CD 1 


1 n"7 n 
10 /.y (0) 


P/1-1 A P/1Q P/1/1 

C4zA — C43 — C44 


111 1 /c\ 

111.1 (D) 


p/ii p/ii p/i/i 
C4z — C43 — C44 


1 no o //i\ 

loy.y (4) 


pen p/ii p/i/i 
CD0 — C43 — C44 


1 1 n 1 //i\ 
110.1 (4) 


PC1 P/11 P/1/1 

CD1 — C43 — C44 


1 no "7 /■/! \ 
100. / (4) 


pm P/1/1 P/lc 

C3y — C44 — C45 


1 1 O 1 i A\ 

118.1 (4) 


pm p/i/i p/ii 
C3y — C44 — C43 


111 d f A\ 

1 2 l.y (4) 


P/1C P/1/1 P/11 

C4D — C44 — C43 


1 1 n n f a\ 
1 ly.y (4) 


C36— C45— C44 


123.3 (4) 


C36— C45— H45A 


118.4 


C44— C45— H45A 


118.4 


C37— C46— H46A 


109.5 


C37— C46— H46B 


109.5 


H46A— C46— H46B 


109.5 
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pi nn Tji in 
C 3 — C 1 2 — H I ZD 


1 nn c 


H12A — C12 — H12B 


1 nn c 


pi nn unn 
C3 — C 1 2 — H 1 2C 


1 nn c 


TT ii * pi i Tjnp 
H12A — C12 — H12C 


1 nn c 


tjiit> nn unp 
H 1 2B — C 1 2 — H 1 2C 


1 nn c 


p/; pn ui i a 
Co — C 1 j — H 1 3 A 


1 nn c 


p/: nii tjiid 
Co — C 1 3 — H 1 3D 


1 nn c 
lljy.D 


TJ 1 1 A mi TJIID 

H13A — C13 — HI its 


1 nn c 


p/c tii ip 

Co — C 1 3 — H 1 3C 


1 nn c 


uii a pii unr 
H13A — C13 — H13C 


1 nn c 

iuy.:> 


TT11D pn TT1 IP 

H13B — C13 — H13C 


1 nn c 

ioy.5 


p/; tji yi * 
Co — C 1 4 — H 1 4 A 


1 nn c 


p/; Tjiyir> 
Co — C 1 4 — H 1 4B 


1 nn c 


tji 1 A P 1 yl TJ1/1T3 

ti 1 4 A — C 1 4 — H 1 4B 


1 nn c 


p/: p 1 yi tj 1 yip 
Co — C 1 4 — H 1 4C 


1 nn c 

iuy.5 


tji 1 A PI A Tji yip 

ti 1 4 A — C 1 4 — ti 1 4C 


1 nn c 

iuy.5 


TJ1y1t> P 1 yl TJ 1 yl P 

ti 1 4B — C 1 4 — H 1 4C 


1 nn c 


P"7 nc tji C A 

C / — C 1 J — ti I D A 


1 nn c 

iuy.5 


P"7 nc TJ1CT3 

C / — C 1 J — ti I 3D 


1 nn c 


TJI C A P 1 C TJ 1 CT> 

HI 5 A — CI J — H15B 


1 nn c 

iuy.5 


n pi c tji cp 
C / — C 1 5 — H 1 5C 


1 nn c 


TJI C A P 1 C JJ 1 CP 

HI 5 A — CI J — H15C 


1 nn c 

iuy.5 


TJ1CT3 P1C JJ 1 CP 

H15B — CI J — H15C 


1 nn c 


pn pu tj 1 /: a 
cy — C 1 0 — H 1 OA 


1 nn c 

iuy.5 


pn pi/; tji/;t3 
cy — C 1 0 — H 1 OB 


1 nn c 


tji/:a pu tji/;t3 
H 1 OA — C 1 0 — H 1 OB 


1 nn c 

iuy.5 


pn pu tji/:p 
cy — C 1 0 — H 1 OC 


1 nn c 


tji/:a pu tji/;p 
H 1 OA — C 1 0 — H 1 OC 


1 nn c 

iuy.5 


tji/;td pu tji/;p 
H 1 OB — C 1 0 — H 1 OC 


1 nn c 

iuy.5 


Pn P 1 "7 TJ 1 "7 A 

cy — C 1 / — H 1 /A 


1 nn c 

iuy.5 


Pn PIT TJ 1 "713 

cy — C 1 / — H 1 /B 


1 nn c 

iuy.5 


TJ11 A pn TJ1TT3 

HI / A — CI / — HI ID 


1 nn c 

iuy.5 


pn p 1 "7 unp 
cy — C 1 / — H 1 /C 


1 nn c 

iuy.5 


TJ n A pn TJ1"7P 

HI / A — CI / — HI /C 


1 nn c 

iuy.5 


TJ1TTD pn TJ1"7P 

HI ID — CI / — HI /C 


1 nn c 

iuy.5 


po p 1 o p 1 n 

U2 — C 1 5 — c i y 


111 1 /yl \ 

113.2 (4) 


PT pi O TJI QTJ 

U2 — C 1 o — H 1 5d 


moo 


pi Q pi o Tji on 
C 1 y C 1 O H 1 6D 


1 nQ o 


PT P 1 O TJ 1 O A 

U2 — C 1 5 — H 1 5A 


1 no n 


Pin P1Q TJ10A 

Ciy — Clo — HloA 


1 no n 
106. y 


TJI on P1Q TJI O A 

H 1 6B — C 1 o — H 1 5 A 


1 n~7 o 
1U /.S 


pig pin pin 
C25 — C 1 y — C2U 


1 1 O C /y1 \ 
115.3 (4) 


pio pin pio 

C2s — ciy — cis 


1 1 n O t A\ 

1 iy.6 (4) 


C20— CI 9— C18 


121.7 (4) 


C21— C20— C19 


117.4(4) 


C21— C20— C29 


120.7 (4) 


CI 9— C20— C29 


122.0 (4) 


C20— C21— C22 


124.8 (4) 


C20— C21— H21A 


117.6 



C3 / — C4o — hl4oC 


1 nn c 
1UV.J 


hl4oA — C4o — hl4oC 


1 nn c 


i i i /" i) p> yi /" 1 1 , i /"/"I 

hl4oB — C4o — hl4oC 


1 nn c 


f^A(\ AH JJAH A 

C4U — C4 / — hl4 /A 


1 nn c 


p /lA P AH I I 1 "7 1) 

C4U — C4 / — hl4 /£> 


1 nn c 


TU/1*7A /I "7 I 1 ,1 "7 T) 

hl4 / A — C4 / — hl4 IM 


1 nn c 


Af\ AH I I 1 "7 / " 

C4U — C4 / — hl4 /C 


1 nn c 


TU/1*7A AH I 1 ,1 "7/' • 

hl4 /A — C4 / — hl4 /C 


1 nn c 


I 1 ,1 -7 T") p/|7 I 1 ,1 -7/' • 

hl4 /r> — C4 / — H4 /C 


1 nn c 


C4U — C4s — hl4oA 


1 nn c 


C4U — C4o — hl4or> 


1 nn c 


TT/IO A pio I I 1 C I) 

hl4oA — C4o — hl45r> 


1 nn c 


A(\ p/io ii/ion 

C4U — C4o — hl4oC 


1 nn c 


hl4oA — C4o — hl4oC 


1 nn c 


hl4or> — C4o — hl4oC 


1 nn c 


C4 1 — C4V — hl4y A 


1 nn c 


C4 1 — C4y — hl4y r> 


1 nn c 


hl4VA — C4y — hl4y£> 


1 nn c 


f^A 1 n/in i \ \{\( • 

C4 1 — C4y — hl4y C 


1 nn c 

iuy.j 


hl4yA — C4y — hl4yC 


1 nn c 


hl4yh> — C4y — hl4yC 


1 nn c 


C43 — CjU — hlDUA 


1 nn c 

iuy.j 


pen 1 1 zi\ i) 


1 nn c 


I irn * prn TTCAT3 


1 nn c 


p /i i p rn i irap 

C43 — CjU — hlDUC 


1 nn c 


1 1 en a p c r. 1 1 zi\( • 

hi 3 U A — C J U — hi jUC 


1 nn c 


hljUB — CjU — hljUC 


1 nn c 
1UV.J 


p /1 1 pri TJC1 A 

C43 — C J 1 — rl j 1 A 


1 nn c 


p /1 1 pri TTC1TD 

C43 — C J 1 — hlD 1 B 


1 nn c 


I |C I * pri 1 1 r 1 D 

hlj 1A — Cj 1 — Hj IB 


1 nn c 


p /1 1 pri 1 I r 1 p 

C43 — CM — rl j 1 C 


1 nn c 


i i C 1 A PCI | ir i p 

hlj 1A — Co 1 — rlj 1C 


1 nn c 

iuy.j 


I I C 1 D pri lie 1 p 

hlj IB — C J 1 — rlj 1C 


1 nn c 

iuy.j 


r\A pci rci 
U4 — CjZ — Cj3 


11 , O / A\ 

113.5 (4) 


pi A pco I I c "> A 

<J4 — CjZ — hlDZA 


1 no o 


p"f 7 pro 1 IC7 a 

Cj3 — CjZ — rljZA 


1 no o 


pi A pel I K7D 

U4 — CjZ — rlJZB 


1 no o 


Cj3 — CjZ — rljZB 


1 no o 


I IC7 * pel I I C ") D 

rljZA — CjZ — rlJZB 


1 n*7 *7 
1U/. / 


PC,/| P C 7 P/. O 

C j4 — C J 3 — C OZ 


110 1 fA\ 

llo.l (4J 


PC/1 P C 7 P -TJ 

Cj4 — Cj3 — CjZ 


1ZZ. / (4) 


/'•/'-> PCI PCI 

CoZ — Cj3 — CjZ 


i im sa\ 
1 ly.z (4) 


PCC p C /I p C "7 

Cjj — Cj4 — Cj3 


1 1 O C ( A\ 

llo.J (4) 


PCC PC/1 p z'O 

C55 — C54 — C63 


1 1 n o ( a \ 

119.8 (4) 


C53— C54— C63 


121.7 (4) 


C54— C55— C56 


123.9 (4) 


C54— C55— H55A 


118.0 


C56— C55— H55A 


118.0 


C61— C56— C55 


117.3 (4) 
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PO 1 [III A 

CZZ — CZ 1 — HI 1 A 


i n z 

1 1 /.0 


PT7 m ni 
CZ / — CZZ — CZ 1 


1 1 <C CI {A\ 

iio.y (4) 


po -7 poo m 
CZ / — CZZ — CZ3 


a i a \ 
124. U (4) 


ni POO POO 

CZ 1 — CZZ — CZ3 


1 1 Cl 1 {A \ 

ny.i (4) 


CZ4 — CZ3 — C3U 


1 An a { z\ 
1UV.4 (D) 


PO ,/] PO "3 PO 1 

CZ4 — CZ3 — C3 1 


1 1 n c t e\ 
1 10.0 p ) 


PTA PT] CI 1 

C3U — CZ3 — C3 1 


1 AO 1 { A\ 

10S.1 (4) 


PT/1 pti poo 

CZ4 — CZ3 — CZZ 


1 1 A 0 (A \ 

1 10.S (4 ) 


PTH PO 1 pto 

C3U — CZ3 — CZZ 


1 AO "7 {A \ 
10S. / (4) 


p -j i PT1 poo 

C3 1 — CZ3 — CZZ 


1 AA 1 f A \ 

ioy.1 (4) 


POC PO/1 POl 

CZ5 — CZ4 — CZ3 


120.2 (6) 


POC PO/I P^ *5 O 

CZj — CZ4 — C3Z 


inn //;\ 

11/./ (o) 


POI PO/1 PIO 

CZ3 — CZ4 — C3Z 


1 1 O A 

116. U (D) 


CZj — CZ4 — hlZ4 


a/; o 


poi oa m 1 
CZ3 — CZ4 — hlZ4 


a/: o 

yo.s 


pi o po /i m 1 
C3Z — CZ4 — hlZ4 


a/; o 

yo.s 


PO A POC PO/; 

CZ4 — CZj — CZo 


1 1 O A 
116.4 (D) 


PO A POC UOC A 

CZ4 — CZj — JtIZjA 


1 A"7 "7 
1U/./ 


POP po^ HOC A 

CZo — CZj — rlZjA 


1 A"7 "7 
1U /. / 


PO A POC TUOCT5 

CZ4 — CZj — JtIZjB 


1 A"7 "7 
1U /. / 


PO P POC TUOCT5 

CZo — CZj — JtIZjB 


1 A"7 "7 
1U/./ 


TUOC A POC TUOCT5 

JtIZjA — CZj — HIjd 


1 A"7 1 
11)/. 1 


POC A PI/I 

CZjA — CZo — U34 


123. J (1) 


poc po/; pi /i 
CZj — CZo — C34 


C\A O 

y4.6 (5) 


POC A PO/; pi 1 

CZ j A — C Z o — C3 3 


yi.4 (/) 


poc po/; pi i 
CZD — CZo — C33 


1 "1 A A {H\ 
124 .4 ( /) 


PI /l PO/; P "5 "3 

C34 — CZo — C33 


1 A"7 C 

1U /.5 (D) 


POC A POP POO 

CZjA — CZo — CZ / 


111.6 (D) 


POC POP POO 

CZD — CZo — CZ / 


1 aa /; 
luy.D (D) 


PI /l POP POO 

C34 — CZo — CZ / 


111 C \ 

111.5 (4) 


pi i po/; poo 
C33 — CZo — CZ / 


1 AO 1 {A \ 

1U6.1 (4) 


POO POO POO 

CZo — CZ / — CZZ 


1 1 O <C (A\ 

116.0 (4) 


poo poo po/; 
CZo — CZ / — CZo 


1 1 A O {A \ 

ny.6 (4) 


POO POO POP 

CZZ — CZ / — CZo 


ill /; {A \ 
121.0 (4) 


poo poo pin 
CZ / — CZo — CIV 


m -7 \ 
123. / (4) 


poo poo i no a 
CZ / — CZo — hlZoA 


1 1 O 1 

116.1 


pi n poo uoo a 
CIV — CZo — hlZoA 


1 1 O 1 

116.1 


poa pon iion a 

czu — czy — hizyA 


1 AA £ 


pon pon 1 1 on i) 

czu — czy — hizyt> 


1 AA £ 


IlOn A POPl TJOflD 

hizyA — czy — hizyB 


1 AA ^ 


poa poo uonp 

czu — czy — hizyc 


1 aa ^ 


iion a pon Tjonp 

hizyA — czy — hizyc 


1 AA £ 


1 1 on i) pon 1 1 o n p 

hizyB — czy — hizyc 


1 AA £ 


C23— C30— H30A 


109.5 


C23— C30— H30B 


109.5 


H30A— C30— H30B 


109.5 


C23— C30— H30C 


109.5 


H30A— C30— H30C 


109.5 


H30B— C30— H30C 


109.5 



C^t^\ /^C"7 

Col — C5o — C5 / 


1 T1 1 (A \ 

YLi.L (4) 


— CDO — / 


1 1 a e { a\ 
119.D (4) 


rco r^c~7 r^£Lz 
CD6 — CD / — COS 


1 aa e i a\ 
lOy.D (O) 


rco r^c~7 /^c/c 
C56 — CD / — CDO 


111 H i A \ 
111./ (4) 


t~*£z r^zn 

Co5 — CD / — CDo 


1 AA "7 i A \ 
10y. / (4) 


f~*ZQ rr7 f^&A 

CDS — CD / — C04 


1 AA A / e\ 

loy.o p ) 


r^/;c r^c~7 f^/iA 
CoD — CD / — Co4 


1 AT "7 i A \ 

10/. / (4) 


r^c/: r^c~7 f^/^A 
CDo — CD / — Co4 


i An i { a\ 
lOy.l (4) 


r^£A rco f^£-£ 
CD9 — CD6 — Coo 


1 ta /i //:\ 
120.4 (O) 


r^^n f~*ZQ f~*ZH 

CDy — CDS — CD / 


1 1 h e ( c\ 
1 1 /.D (O) 


r^/;/: rco pen 
Coo — CDS — CD / 


i i o o /e\ 
11S.S (D) 


pr/l pro irfn 

CDy — CDS — HDS 


a/: a 

yo.o 


t~*£iii rco uco 
Coo — CDS — HDS 


a/; a 

yo.o 


t~*zn rco uco 
CD / — CDS — HDS 


a/; a 

yo.o 


rco pen p/;a 
CDS — CDy — CoO 


1 1 n /l /"e\ 

ny.4 p) 


rco pen ucn a 
CDS — CDy — HDyA 


1 A"7 e 
10/. D 


p/;a pen ucn a 
CoO — CDy — HDyA 


1 A"7 e 
10/. D 


pco pen ucnD 
CDS — CDy — HDytS 


1 A"7 e 
10/. D 


coo — CDy — HDyts 


1 A7 ^ 

10 /.D 


ucn a pen ucnD 
HDyA — CDy — HDyts 


1 A"7 A 
10 /.0 


pen p/;a p£c 

CDy — coo — cos 


1 A t (~\ 

123.4 (b) 


CDyA — COO — COS 


y4.y p j 


p£i 

CDy — coo — co / 


y3.y p j 


pen A p/;n p/;~7 
CDyA — CoO — Co / 


123.0 (/) 


P^O P£A p/r*7 

CoS — CoO — Co / 


1 at i /e\ 
10/. 2 P) 


pen p/ca P/C1 

CDy — coo — co i 


i i a o /e\ 
110. S (D) 


peA a p/;a p/;i 
CDyA — CoO — Col 


i 1 a n /e\ 
110./ p) 


P/;o p/;a p/;i 
CoS — CoO — Co 1 


111 A (A \ 

1 1 1.0 (4) 


p/:"7 p/:a p<:i 
Co / — CoO — Co 1 


1 AO A (A \ 

10S.4 (4) 


p/;t p/;i pc£ 
Co2 — Col — CDo 


1 1 O A i A\ 

11S.4 (4) 


p/:t p/;i p/;a 
Co2 — Co 1 — CoO 


1 1 A A t A\ 

ny.o (4) 


pe£ p/;i p/;a 
CDo — Col — CoO 


nn e l a \ 
ill. D (4) 


pel p/:t P£1 
CD3 — Co2 — Col 


1 T1 "7 (A \ 

ili.l 


pel p/:i u/;'> a 
CD3 — Co2 — Ho2A 


hot 
IIS. 2 


p/:i p/:t u/:t a 
Col — Co2 — Ho2 A 


1 1 O 1 

IIS. 2 


pe/i p/;i u/;'i a 
CD4 — Co3 — Ho3A 


1 aa e 

loy.D 


pe/i p/;i iiiiD 
CD4 — Co3 — Ho3B 


1 aa e 

loy.D 


Ho3A — Co3 — Ho3B 


1 aa e 

loy.D 


pe/i p/:i u/iip 
CD4 — Co3 — Ho3C 


1 aa e 

loy.D 


Ho3A — Co3 — Ho3C 


1 aa e 

loy.D 


Ho3B — Co3 — Ho3C 


1 aa e 

loy.D 


pe"7 p/:/i u/;^i a 
CD / — Co4 — Ho4A 


1 aa e 

loy.D 


pe*7 PA/1 u/;/ir> 
CD / — Co4 — Ho4h5 


1 aa e 

loy.D 


H64A— C64 — H64B 


109.5 


C57— C64— H64C 


109.5 


H64A— C64— H64C 


109.5 


H64B— C64— H64C 


109.5 


C57— C65— H65A 


109.5 


C57— C65— H65B 


109.5 
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r^i 1 ttq 1 a 
C23 — C31 — H31A 


1 nn £ 

luy.D 


Tj/rcA /"'/ic Tj/:cr> 

H6DA — C6D — H6DB 


1 An £ 

luy.D 


r^i 1 ttq 1 o 
C23 — C31 — Hi IB 


1 nn £ 


r^zn t~*£z tj/:c/^ 
CD / — C6D — H6DC 


1 nn £ 

iuy.5 


HI 1 A 1 TTQ 1 T> 

H31A — C31 — Hi IB 


1 An £ 


Tj/:r a r^/;c Tj/:cr^ 

Hoda — Cod — Hodc 


1 An £ 

luy.D 


PT-l /~*Q 1 TTQ 1 { • 

C23 — C31 — H31C 


1 An £ 


Tj/:cr> r^/:c Tj^rn 

HodB — Cod — H6dC 


1 nn £ 

iuy.5 


TJQ 1 A PQ 1 TJQ 1 ( ' 

H31A — C31 — H31C 


1 An £ 

luy.D 


pco r^&£. tj/:/: a 
CDS — Coo — HooA 


1 An £ 

luy.D 


TJQ 1 Tj /"'I 1 tjq 1 f ' 

Hi 1 B — C3 1 — H3 1 C 


1 An £ 


pro r^££ tj/:/:tj 

CDS — Coo — HooB 


1 An £ 

iuy.5 


r^T/i r^n tm a 
C24 — C32 — H32A 


1 nn £ 


Tj/r /; a /">/:/: Tj/:/:r> 
HooA — Coo — HooB 


1 An £ 

luy.D 


C24 — C32 — H32B 


1 An £ 

iuy.5 


pco /"</:/: tj/:/:/^ 
CDs — Coo — HooC 


1 nn £ 

iuy.5 


H32A — C32 — H32B 


1 An £ 

luy.D 


tj/;/: a z" 1 /:/: u£^a 
HooA — Coo — HooC 


1 An £ 

luy.D 


C24 — C32 — H32C 


1 An £ 

iuy.5 


Tj/:/;r> p/;/; u£^a 
HOOB COO HOOC 


1 An £ 

iuy.5 


H32A — C32 — H32C 


1 An £ 

iuy.5 


r^/:n f^&n tt/tt a 
CoU — Co / — Ho / A 


1 An £ 

luy.D 


H32B — C32 — H32C 


1 An £ 

iuy.5 


CoU — Co / — Ho /B 


1 An £ 

luy.D 


t~*^£L ni tjqq a 
C26 — C33 — H33A 


1 An £ 

luy.D 


TJ/iT A f^&H TT/r'7T> 

Ho /A Co / Ho ID 


1 An £ 

luy.D 


/"^/c ni tjqqd 
C26 — C33 — H33B 


1 An £ 

iuy.5 


CoU — Co / — Ho /C 


1 An £ 

iuy.5 


tjqq a r^n tjqqd 
H33A — C33 — H33B 


1 nn £ 

iuy.5 


Ho /A — Co / — Ho /C 


1 An £ 

luy.D 


C26 — C33 — H33C 


1 An £ 

iuy.5 


tj/^tj f^t^n \s5£ir^ 
Ho /B — Co / — Ho /C 


1 An £ 

iuy.5 


urn a pqq tjqq/^ 
H33A — C33 — H33C 


1 An £ 

iuy.5 


p/:a p/;o u£oa 
CoU — Cos — HosC 


1 An £ 

luy.D 


tjqqd r^n tjqq/"^ 
H33B — C33 — H33C 


1 An £ 

iuy.5 


CoU — Cos — HosB 


1 An £ 

iuy.5 


/~"> /T r^i /i TJQ/1 A 

C26 — C34 — H34A 


1 An £ 

iuy.5 


u/;or^ r^/:o tt/too 
HosC — Cos — HosB 


1 An £ 

luy.D 


C26 — C34 — H34B 


1 An £ 

iuy.5 


/""'/CA p/;o Tj/ro a 

CoU — Cos — HosA 


1 An £ 

iuy.5 


H34A— C34— H34B 


109.5 


H68C— C68— H68A 


109.5 


C26— C34— H34C 


109.5 


H68B— C68— H68A 


109.5 


H34A— C34— H34C 


109.5 


CI— Ol— HI 


109.5 


H34B— C34— H34C 


109.5 


CI 8— 02— H2 


109.5 


03— C35— C36 


110.5 (4) 


C35— 03— H3 


109.5 


03— C35— H35B 


109.5 


C52— 04— H4 


109.5 



Hydrogen-bond geometry (A, °) 

Cg4, CglO, Cgl4 and Cgl7 are the centroids of the C19-C22/C27/C28, C36-C39/C44/C45, C53-C56/C61/C62 and 
C2-C5/C10/C11 rings, respectively. 



D—H-A 


D — H 


R-A 


D-A 


D—H-A 


Ol— H1-04 


0.84 


1.93 


2.753 (5) 


168 


02— H2-01 


0.84 


1.98 


2.794 (4) 


162 


03— H3-02 


0.84 


1.92 


2.7545) 


174 


04— H4-03 


0.84 


1.95 


2.790 (4) 


173 


C29— H29A-Cgl4' 


0.98 


2.83 


3.632 (4) 


140 


C29— H29B-Cgl7 


0.98 


2.58 


3.466 (5) 


151 


C63— H63A-Cgl0 


0.98 


2.69 


3.471 (5) 


137 


C63— mSB-Cg^ 1 


0.98 


2.72 


3.641 (5) 


157 



Symmetry codes: (i) x, y,z+\; (ii) x, y,z-\. 
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